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DECLARATION OF DAVID M. ANDERSON UNDER 37 C.F.R, L132 

David M. Anderson declares as follows: 


1. I am the inventor of the above-identified application. I hold a position in Lyotropic 
Therapeutics, Inc., the assignee of record of the above-identified application, as Vice President, 
Scientific Affairs, I have read and understand the application, and I have read and understand 
fire office action mailed March 16,2009, and its cited references. 1 am also the inventor of the 
WO 99 12640 to Anderson (hereinafter “Anderson”), and .Lyotropic Therapeutics is the owner of 
national stage filings made from Anderson. 

2. I have previously submitted Declarations in this case, including those filed on October 14, 
2008; March 26,2009; and December 16,2009. From, these declarations it can be seen that I am 
qualified as an expert in fire field where the present invention is made (chemical formulations 
and drug delivery, particularly including structured fluids (e.g., reversed cubic phase and other 
materials), and my experience, education, qualifications, and expertise remain accurate and true:. 

3. A particular focus of the instant invention is the solnbilization—with true themiodymmic 
■stability —of drag actives within somewhat rare and exotic reversed liquid crystalline phase 
materials that the inventor deems to be of high value in drug formulation and delivery. This was 






no| achieved in Examples 36 ant! 3? of Anderson, as is clearly stated in etic.li Example. Example 
30 states; precipitation of some of the Paclitaxel within the interior of each particle may 

occur since the sol.vihiiizati.on of Paclitaxel .... at this high loading was metastable .” (emphasis 
added) . Ex ample 3 ? similarly states: “The concentration of Paclitaxel in this examp le was high 
enough that the solubilization was metastable, which has implications as discussed in the 
previous example, 5 ^emphasis added) 

4. The contrast between Anderson and the present invention is demonstrated dramatically in 
the two photomicrographs below from my laboratory which point out an inherent and crucial 
distinction of the instant invention. The top figure shows an embodiment of the Anderson 
patent, in which a cubic phase containing the drug buptvacalrte (free base) was prepared at a 
composition in which the bupivacaine was metastable, i.e.» supersaturated, so that over time 
some amount of bupivacaine would precipitate forming bupivacaine crystals. However, due to 
the fact that the Anderson teaches crystalline-coated part icles, any precipitation of bupivacaine 
over time due to the metastability would be confined inside the coated particles of that invention. 
Thus the complete solubility of the drug in the cubic phase material was not present and was not 
necessary to the formulation. In the photomicrograph of the dispersion 3 months after 
preparation, no bupivacaine crystals (nor crystals of any kind) micron are visible in die 
formulation. This precipitation confinement has been observed in the inventor’s lab in a number 
of coated particle systems. 

In contrast, the bottom figure shows the same cubic phase composition as m the coated 
particles of the top figure, only 1 month after preparation, as a dispersion of uncmied particles, 
Clearly, very large crystals of precipitated bupivacaine are visible, evidencing the metasiabie 
nature of the composition. Because coated cubic phase panicles are but one of many possible 
formats for cubic phases in drug formulation, with certain advantages and disadvantages for 
certain routes of administration, means of sterilixahility, drug release profiles, and 
phvutuaeeutical: elegance, the inventor has developed other formats (e.g., U,S, 7,713,440) in 
which the cubic phase is not coated. Such formulations require the true solubilization of drag in 
cubic phase material, that is, a truly stable single thermodynamic phase which remains a single 
thermodynamic phase over time. 




DIG optical micrographs of: (top) coated cubic phase particles alter 3 months storage; and 
(bottom) uncoated cubic phase particles at the same cubic phase composition showing very large 
precipitated crystals of the drug, bupjvacaine, after only 1 month. 



5. it is well known to anyone skilled in the art that precipitated crystals larger than a few 
microns in size, such as those seen in the bottom micrograph, can be lethal upon injection, by 





creating pulmonary emboli in particular, Indeed* it can be said that, the earner of the highly 
distinguished researcher 'Samuel Yalkowsky was largely devoted i® this issue. See. e,g, s 
Yalkowsky SH, Krzyxaniak IF, Ward GH. (1998) JPham Set 87{7):?S?-%. Therefore the 
difference between the metastable mixtures of the Anderson prior art and the stable solutions of 
the instant invention can literally be the difference between life and death. Other problems 
caused by precipitation of metastahle mixtures include lack of content miiforruity, requirements 
of difficult filtration procedures, loss of expensive acti ves, b&toh-tofeateh inconsistencies, etc. 

6. While fee word “solubilizing’ 5 is used in Example 36, one of ordinary' skill in the art 
would fee well aware that Example 36 does not teach a single thermodynamic state being created 
(e,g., a true solubilization). A careful analysis of the wording used in Example 36 will have 
direct bearing on what ■would be obvious to one of ordinary skill in the art. Some of the 
distinctions arc as follows; 


A, Although the opening sentence of Example 36 states that .. was prepared by 
solubilizing..it becomes clear as the Example continues that this mixture was not a true 
solubilization, but only a .metastable mixture. While the expression “metastable solution” is an 
oxymoron and not technically correct, it is in fact frequently used, as it is short and descriptive. 
Similarly, white the ‘"solubilization” in Example 36 was repeatedly stressed to be not a true, 
stable solubilization, what the preamble should be taken to mean is that a metastable ‘solution’ 
was prepared, and subsequently found to not be stable. Indeed, in the context of the instant 
invention, one would perceive Example 36 to be a failure, and the instant invention a resounding 
success in producing drug-loaded cubic phase compositions with consistently high enough drug 
loadings to he pharmaceutically useful, e.g,, in injectable products. 


B, Although Anderson refers to the mixture as a cubic phase, this is erroneous, and as 
staled twice in Example 36, fee mixture is in fact a liquid phase, not a liquid crystalline phase. 
The use of glycerol (instead of water) in the initial mixture and a glycerol-rich solution In the 


exterior phase precludes fee possibility of a cubic phase at this composition. The Anderson 
invention applies to both nanostructored liquid phases and liquid crystalline phases, and one of 



the purposes of Example 36 is to describe-an embodiment wherein the particle interior is a 
iianostraetured liquid phase. In short, Example 36 doss not evm contain a cubic phase. 


The present application defines “Sokhiifee” as ".... .a compound under consideration is 


solubilized in a liquid or liquid crystalline material if and only If the molecules of the compound 
are able to di JJn.se within the liquid or liquid crystalline material as individual molecules, and 
that such material with the compound in it make up a single thermodynamic phase.” That this is 
in agreement with thermodynamic stability as known to one skilled in the art is demonstrated by. 


«-g-> V; Vitagiiano (1991) Pure <& Appl Omn < 63(10): 1441 and US. 3,966,96:2 to Yalkowsky. 
(See also 0,;Sv 6,346,21.5 to Straubinger). It is well known in the art that a requirement for true 
thermodynamic stability of a solution is that the solution be absent from precipitation upon 
prolonged storage (taking into account the possible eonfotmder of chemical degradation, and 
taking steps to limit such). Methods and associated criteria for determining the solubility of a 
drug in a given solvent are well known in the art, arid include prolonged storage as well sis 


measurement techniques such as HPLC, etc. See, e.g„ U.S. 3,966,962 to Yalkowsky, and 
specifically for the case ofpaclitaxel, P. Constantinides etal. (2000) Pharm, Res. X 7(2): 175. 


8, In my opinion, for the reasons noted above, Anderson does not show or suggest a reversed 
cubic phase in the particle where a difficult to solubilise compound is solubilized in the reversed 
cubic phase such that a single thermodynamic phase is created. 


9, \9jjile the Examiner cites Burdock mid Muidoon to state that muscle should be considered an 
essential oil component, in rny opinion one with ordinary skill in the art would not consider it to 
be such, for the following reasons. 


A, As known in the art, and as inferred from each of these two references, anisole (e,g., 
as used in fee Anderson reference) is obtained not from a plant source but rather by synthesis. 
Burdock.teaches that, according to the Code of Federal Regulations 21 CFR 172.515 anisole is a 


synthetic -flavoring substance. Muidoon exhibits the reaction of sodium phenoxlde with 
mefeylsutate to produce anisette. such as Aldrich, is 

synthesized, not extracted from a plant 





B. A highly definitive reference, namely the Merck Index, in its “anisole” entry ($499 1ft 
the 12* edition) cites 4 synthesis routes for anisole, but nowhere in the IStB- word entry is any 
natural source mentioned, likewise, the entry for “oil of anise’* (#6691) nowhere lists anisole as 
a substantive component. Less definitive references sometimes cite anisole as a major 
componen t of anise oil only because they have confused anisole with anethole, tire latter of 
which is indeed the major component of anise oil, 8(L9D% of the oil according to the #6691 
Merck entry. Likewise, a PiibMed search which I conducted in September 2010 using the 
keyword “anisole*’ results in over 400 scholarly articles, whereas crossing “anisole*- with “anise” 
results in —-zero hits. 

€. While Burdock lists apple, cheeses, butter, olive. Bourbon vanilla, Jerusalem 
artichoke, sapodilla fruit, truffle and certain animal tissues that contain anisole, none of these are 
the Source of any essential oil that would be known to someone with ordinary skill in the art. 
Furthermore, as in the case of anise oil, the anisole contents of these materials (were they to exist 
as essential oil extracts) would be very small. 

D. U.S. 5,665,386 to Benet el al lists an impressively thorough listing of essential oils 
and component s thereof, which could well he taken to represent the state of knowledge of one 
skilled in the art. Nowhere is anisole listed—even though anise oil is listed. 

1(1. 1 hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to he true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fme or imprisonment, or both, under 18 U,S,C, 1001 and that such willful false 
statements may jeopardize foe validity of the application or any patent, issued thereon. 



David M, Anderson. Ph.D, 



Date 
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vrnous setp.vais. pjoduced by a number of tiiioiepttm '■■■■■ mu 
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becnrue evident the next day.More recently *»? improved 
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vhfxiaf itie phtebit-a. tvs wean ft 5 and s suagests roiSfi 
phlebitis:, and less than a b. 5 Tisvigaesis jwi phlebitis. 1 he 
rei.ai.kinship between an i.»ere?:se hi the l.ervs}>effts.t«"e eif 
ferenee ami pltlebh.l;? bsts beats entdtrmed by hts«>log?r-:d 
evaluation of both veins after 21 h 
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It has haevi .shovvtt to he apphcabie so dis/e-p.sro anvi plver-v- 
spin. Using shis sstethod. Ward es. aj.- ! *••?•> it nd Wad'd e?id 
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Abstract « Donng the last twenty years diffusion coefficients have been primarily 
measured by light scattering and NMR techniques. 

Optical interferometric techniques, such as those of Cony or Rayleigh {ref, U, allowing 
direct observatJon of She time evolution of a diffusing boundary are not very popular at 
present. However, they are the only ones that give a reasonably accurate measurement of 
the set of fn-.5|^ diffusion coefficients describing the brownian transport process in a 
multicomponent system 

Experimental data on a variety of ternary systems indicate some aspects of diffusion in 

rpulfidomponent systems: 

la) The thermodynamic stability' conditions: 

Si) %l +f>2a: >0 and 88 -D^)^ - i 0 

nave been verified experimentally and the relevant oontribution ef cross terms, which 
cannot be ignored in describing the transport process, has been pointed cat Furthermore, 
it was also experimentally verified (hat on approaching a critical mixing point the 
determinant (id approaches sera. 

ib! The mattt terms need not be necessarily positive; one ol' litem may be negative. 

lei The presence of a binding equilibrium between solutes i and 8 affects the 

experimentally measured values of the four diffusion coefficients. 

The equilibrium constant calculated from the experimental Djj’s leads to values in very 

good agreement with those provided by direct ihertnodyriainfc techniques. 

fh« binding equilibrium promotes conditions leading to the transport of one. component 

against its own concentration gradient, or its own chemical potential gradient (passive 

transport). 

Id) Diffusion measurements in three component systems provide a quantitative 
verification of the effect of the fluid-dynamics equations on the gravitational stability of 
diffusion boundaries or double diffusive convection, which is a edaveetive transport 
process ot great interest in several fields of pure and applied science. 


INTRODUCTION 

The aim of this paper is to - illustrate briefly some results of the research oh brownian 
diffusion ia ternary systems our group" has been conducting at the Chemistry 
Department of University Federico II In Naples far several years. 

Its main purpose, has been the understanding of the phenomenological role the 
presence of one component has on the transport process of the others. 

The phenomenological diffusion theory' proposed by Onsager (ref, 21 describes the 
transport process in an n-camponent system by a set of n generalised Fields equations' 

U) J 4 * - | 23i S grsd Cj 

However, neither the n concentration gradients nor the n flows are all independent. 

The relation among concentrations is; 

<£) | V C 4 - 1 

3 t 

hi the absence of pressure gradients, this leads to; 

(2s) Z % gr&d C* * 0 

where VI is the psrhsl molar volume of component i, 
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Fig. 1, Scheme of the Govy Dsffusiotaeter showing ihe forntaUon <-f interference fringes; S is 
the light source, L» awl i-g are two lenses that give die source image in F. tight passing through 
the sMfa&feri boundary, where a vertical greciierii of refractive taster & presets, deviates to font? the 
source image at diffierent levels in F. Light deviation Y, to F, is given by V * ab{dn/dxi, where: dn/six 
is the rei'ractlve ttidea gradient at lew! a into tte diihrSioo eell: Ught wave fronts R and P. passiog 
through the diffusu® boundary at diSerent levels, but joining to F, have different ojsifea} 
paths and interfere on the iocsi plane F to tos a fringe pattont 

The relation between flows arises from Use continuity law and depends on,'the reference 
frame chosen to describe the transport process. 

Experimental free diffusion measurements choose a volume-fixed reference frame 
defined by the following refatlonfref. 3): 

(S' * « 2 V, Jj » 0 

vr being the local velocity of & volume element of the solution. 

Sometimes It is preferable to describe the flow process in terms of the dllYusiona) 
velocity of each component Co t « Jj/Cj) with respect to that of component n, generally 
assumed as the solvent; 
l*) df * CsCo, - e n f 


where.Jj are the Hows in the fixed-solvent reference frame. J n being zero by definition. 
A set of n-1 independent equations with a set of in-11 2 independent coefficients, is 
obtained by introducing eq,(2) into eqs,(l) : 
a" i 

(B) dj * - 2 Bp § rsd c i 
1 

Onsager suggested the following arbitrary relations to define the « 2 coefficients : 

{8V 2 IhiCi * "0 (i« 1,2, 

j 

eq,{6) includes the relation: 


(7) SVj^jCj « Q 

A further redaction of independent coefficients arises from the presence of Onsager 
reciprocity relations, However, their use requires knowledge of the thermodynamic 
properties of the solution, and this is very limited in -multicomponent systems. 
Experimental techniques* such as theGony Interferometer (ref 1) used in our research 
(see Fig, 1), give the |n- i} 2 diffusion coefficients of a n-component system, at one mean 
concentration, from the analysis of the tfiffusisn patterns of at least fn-if diffusion rum 
with vary mg .concentration differences of their components through, the diffusion 
boundary . This technique has so far been employed only in the investigation of three 
component systems. 


CHOIGH OF COSWONgfrtT /? (the solver?!) 

In a 3-eomponcnt system, equations (5) reduce to; 

ft! d> « - On gradCi ~ D i3 grad C 2 

I S) J 2 ■* - D 25 grad C s - D 22 grad C 3 

and four diffusion coefficients can be measured experimentally. 




TherrriQtjymmte $$p &sfs diffusion m muttkomppflpnt systems 
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Use flow of component 3 is obtained from equation (35: 


(3) 



gredC 2 


However, it must be pointed out that the choice of component .3. commonly defined as 
fee solvent, Is arbitrary. In general it is the most abundant or that weighed last in 
preparing solutions for diffusion measurements. Equations ( 8 } can be written in terms 
of grad C j and grad C$ or grad C a and grad C 3 , as well. 

Depending on fee choice of the concentration differences (AC* and AG*) between 
bottom and top solutions used in elaborating fee experimental results of diffusion runs, 
three sets of four diffusion coefficients are obtained. 

Let us define. fDyljj the diffusion coefficient of cOaciponent i under the concentration 
gradient of component j in a ternary system where component k has been chosen as 
solvent (where not necessary index k is" omitted). The following transform expressions 
correlate the three sets of diffusion coefficients (ref- 3): 


(10 a} 

0ii)f ® 

01i)k “ (f7j/ 

a Do) 

®ik)| * 

“ C^/^)0ij}k 

Cldc) 

0ki)j » 

(Vi/V^t-CDyJk + <Vf/^XDq}k 



+ < D )j>k'] 

aod) 

0kk)j “ 

CDqlk + (Vj/7j)(D y } k 


From cqs.UOS it can be seen that the determinant and fee trace of matrices (Dig are 
invariants. 

Although the transport process is a single one and independent of the choice OS 
component 3 , this choice may help to a better understanding of the diffusion process. 
Ah ekaihpie is given by fee Slow equations of the System: 


Sucrose (0,097 MKIJ • Sodium Chloride <0,291 M}{2) - Water <53,93 M){3> 


at 25*C (ref, 4) (In eq. {11} and (12) diffusion coefficients units are in 10 8 em s S" 5 }: 


1} 

J* = “0.487 grad C 3 

.* 0,002 grad 4 

1) 

4 * “0.087 grad C* 

- 1.47$ grades 

2 ) 

Jj * -0,512 grad Cj 

- 0,002 gradC 3 

2 ) 

4 = “10,92 grad C* 

- 1,450 grad C 3 


(component k water) 
(component k NaCl) 


As eqs. (i ll show, the sucrose(I) - NaCl{2) - water(3*k) system has small cross 
diffusion Coefficients, one of them is almost zero. However, things are quite different 
when NaCl is chosen as component k. 'fee new {set shows that the water cross 
diffusion coefficient is one order of magnitude larger than its main term. This indicates 
feat water Sows much faster in fee sucrose concentration gradient than in its own, and 
that it can even flow against its awn concentration gradient within the following 
concentration gradients; 

grad €3 < -7.53 grad G* > 0 

Tire water hebaxdour, although hidden in eqs.fl I), is clearly shown only by eqs. ( 12 ), 

In general, the cross diffusion coefficients cannot be ignored in describing the 
transport process. Large and positive Dy values have been observed in systems where 
fee solutes tend to salt-out (ref. 4). Large negative cross-term diffusion coefficients can 
Occur in systems with large attractive interactions between solutes (ref. 4-6), The data 
shown in Table 1 confirm this statmeni 
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Table 1 collects the (for the Acetic acid-' Water system at various 

compositions, the data tor all three choices of component k are given, ft can be seen 
that if components i. and | are water and chloroform (salting out effect) the cross terms 
are positive; if they are water and acetic acid (attractive interactions), the cross terms 
are negative. 


TABLE li Diffusion Coefficient for the System: Acetic Acid-Chloroform-Water at 2!rG 
(ref. 7} and various compositions. 'X* * mol fraction of component i. D units 10 5 cm® s J 


Component t ~4 Acetic Acid: Comp. 

j ~i Chloroform: 

Comp, k Wafer 

Xt Xj 


f%)k 

0>ji?k 


0,8803 0.0496 

1.296 

0.011 

-0.232 

0.933 

0,7811 0.0892 

1.550 

0.520 

-0.548 

0.367 

0,8924 0.1268 

1,547 

0.545 

-0.824 

0.230 

0,5408 0.1897 

1.814 

1.065 

-0,939 

“ 

0.4193 0,2400 

1,844 

1.153 

-1.035 

- 0,506 


Cmnpumni 

t. i -h Water; Comp, j 

-4' Chloroform: Comp, k 

-a Acetic Acid.. 

Xj 

X] 

lD,,) k 



iOpik 

0.0701 

0.0496 

0.970 

0.130 

0-073 

1.259 

0.1297 

0.0892 

0.782 

0.194 

0,172 

1.135 

0.2 788 

0.1288 

0.672 

0.238 

0.186 

1.105 

0,2898 

0.1897 

0.498 

0,321 

0.295 

0.983 

0.3401 

0.2400 

0.309 

0.38S 

0,344 

0.939 

Component i —> Water; Comp, j 

-h Acetic Acid; Comp, k 

-a Chloroform 

X i 

Xj 


<P»j)k 

%>k 

(Ujjlk 

0.0701 

0,8803 

0.941 

-0.093 

-0.002 

1,288 

0.1237 

0.7811 

0.708 

-0.138 

>0,117 

1.178 

0.1788 

0.8924 

0.619 

-0.16S 

-0.122 

1,158 

0.2698 

0.5405 

0.426 

-0.229 

-0.239 

1,055 

0.3401 

0.4199 

0.226 

-0.282 

-0,258 

1.022 


THEBMOOYNANUC STABILITY CONDITIONS 

Tiwa modynainie stability is ensured by the condition that any perturbation promotes an 
entropy absorption; namely, the entropy at equilibrium is a maximum: bp -the other 
hand, any spontaneous process occurs--with a positive definite entropy production. 

For isothermal diffusion in an n component system this condition i§ written as; 

(13) T8 2 'S » S.Uj gn; S 0 where §tq - y~~~ 

§p, being the perhirbatfon of chemical potential of component L and -8n fe . the possible 
arbitrary fluctuation in the number of moles of component k, 

From eq.fl 3) one obtains the stabihSy eondihohs with respect tb diffusion: 

2 k 0 Where j% ® 

},k k 

The conditions for the quadratic acpressidn (14} to be positive or aero are that ail u is 
roust be positive and all the ether miners* bqth add and even order, constructed on the 
principal diagonal of the determinant of ii<^ must be positive or kero. This condition is 
met by making the trace of the matrix of diffusion coefficients positive and the 
deierrmaant positive or zero. In a ternary system: 

(15) D'n + Dgg; > 0 and Dj, “ XU'is'Kgj k 0 



TfrerrtKxfyf&mic of diffusion in rnuktcomponsni systems 


The equality sign corresponds to the beuxrdary between stable (or metastable) and 
'unstable systems. In the phase diagram this boundary is known as the spmodal curve. 
Any solution whose composition lies within this curve is unstable and concentration 
fluctuations always promote a phase separation. 

The equality sign was confirmed in a set of experimental diffusion runs on the water- 
ebioroform- acetic aeld system fref, 71 taken at various compositions app roar-brag the 
plait-point, where the phase separation curve joins the spinodal curve; me results are 
shown in Fig, 2, 

Conditions (IS) do not require both main diffusion terms to be positive. Diffusion 
coefficients measured m a volume-fixed reference frame may give a negative math term. 
This was found in the system shown in Fig, 2. Tabic i collects the set of Cpy^ obtained 
choosing each component as component k in turn. 

It can be seen that when water is chosen the chloroform main diffusion coefficient is 
negative in a wide range of compositions approaching the plait- point. 



DiFFtiSlOW ifi THE PRESENCE OF A BINDING EaUiUBSIUM 


While the size and sign of diffusion coefficients for systems with high solute 
concentrations are only understood hi qualitative terms at present, a more detailed 
interpretation of data is possible for dilute solutions In which significant fractions of 
salute monomer species have combined to forth associated species. 

'bet us consider a solution of monomer species A 11} and B (2} in equilibrium with a 
complex AB 13} according to the equation: 

ITS) A +■ B * AB 


'This is a quaternary system and diffusion eqs.fS) require nine coefficients, D. H * If, j ~ 1, 
2, 3}. However, if we are dealing with a dilute solution of both A and B, "the cross 
diffusion toons are expected to be small as compared to the main terms, and they can 
reasonably be ignored in the Sow equations 15}. 

Furthermore, in the presence of a fast equilibrium, the mass conservation law: 


|;l /.} 


c= - Cj* 4- C 3 h c 2 « c 2 * + C 3 h d 3 * J 3 * + J 3 h <v 




(where C; and d* are the stoichiometric concentration and flow of component *- i * 1. 2 , 
and Cj* and <L* are the concentration and Sow of the actual species j, j ■» i, 2, 3} and 
the mass action law: 

ii® K,-. «'%«7{ Oi*Ca*} 

impose a restriction between concentrations and flows. 
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V, VSTASUANO 


Because of eqs.fi 7) and {18} this system reduces to a. ternary one having only four 
measurable diffusion doefSelehts which are related to the actual diffusion coefficients 
Dj;* by the following expressions*. 


U9a) 

D u * 

{i/2}|{Dj l * + D 33 *) + {P n * - 0^5(1 - t^SCg - €0) R} 

{1.9b) 

D i2 * 

(i/2i{{D 33 s - D n *} + fD u * - D 33 pfl + fMCy - €*}] Ri 

(I9e) 

-’>2 j * 

{i/ 2 }{{D 3a » - D 22 »j + f& 2 2 * - - KyG 2 - CM)] R) 

(I9di 

d 22 * 

U/Z]{{D 22 4 * D 33 *) v {D S2 * ' D 3 3 *)[I + KcfCa - CM] r) 

where: 


(20) 

R * ! 

(j l + K^Ca-q)]^ * 4KcC t ) 55 

Eqs. 

{191 are 

a set of four equations allowing the three Du* 


Bqs.{ 19-20} were verified for (a) a-cyclodextrin-{ty}phenyl alanine- water {ref. 8.9} and 
fb) a-cyciodestrtn-CEIiLlnorieucine'water {ref. 10} at 25®C and various amino acid 
concentrations. The obtained from eq§.(i9-20} was in very good agreement with that 
measured ealormietrically. Table 2 collects the diffusion data for fa) and (hi at one 
concentration and the average %, from the diffusion and the calorimetry data (ref. 8-10}.. 


TABiLS 2, Diffusion data for (a) a~ cyclodextrihfl} - SL}phenyi aianinef’2} - water 
and (b) o-eyclode&trinf 1} - {D.L}nor]eucine{2} - water at 2S a C (ref. 8-10): 


(a) Cj » 0.0200 mol/L, C 2 « 0.1000 raol/L. K? « 10.5 L/raoi, * 13.8 Kg/mol* 

(hi G j *0.0198 mol/U C s * 0.0602 mol/L> 49 L/mol * 46 Kg/fnol* 

* fn dilate squeoos solution MOLAR and MO.LAL eqaitfhrthra eotistaihs da not differ appreciably 


Du Dm 

Da 

D 22 

{ 10 ®em 2 s-t} 

Bu* 0 £2 * D 33 * 

fa} 3.157 0.000 

~ 1.630 

8.332 


3.157 8.510 3.157 

{hi 3.142 -0.003 

-2.178 

6.270 


3-163 8,432 3.128 


The inclusion equilibrium drastically affects the value of the cross diffusion term 
responsible for amlnoacid (A) transport under the concentration gradient of 
cyclodextrin {CD}, 

As can be seen from eq.{I9b}, the near equality of D 1} * and O 33 * Is responsible for the 
very small CrossAerm diffusion coefficient Djg. 

The erOss-term tends to be large and negative because the diffusion coefficient Dgg* 
of the faster moving A Is much larger than D 33 * for the CD-A complexes. in this ease, if 
there is a CD gradient and no gradient of A, the negative Dgj causes A to move uphill 
towards the higher concentration of CD. This is because a higher concentration of CD 
means a lower concentration of unbounded A. 

The transpart of one component due to the concentration gradient of the other 
(passive transport} bears some similarity to the active transport that plays s substantial 
role in biological membrane processes. 

Passive transport may also be of interest in membrane processes, the presence of cross 
terms can in fact lead to conditions for which one component diffuses against its own 
concentration, gradient or even its chemical potential gradient, under the driving farce 
of the other one. 
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ttftAVfTATtDttAL IWSTAS'lUflES / SM EASE DIEf USfOfcl SOUftIBARfES 

In recent years, there has been a great interest in double dijfusim mnvecikm * he, the 
convective motions which can arise-in diffusive layers even if fee top liquid system has a 
Sower density than the bottom one. This phenomenon may appear in systems where at 
least two independent driving forties promote the transport process. Thus, it may 
appear in binary solutions when a temperature and a concentration gradient are 
present, or in isothermal ternary solutions in the presence of concentration gradients 
of two components (ref, 11). 

An example is the heat and salt diffusion that gives rise to fingering or layering in 
oceans. Fig. 3 shows the temperature and salt concentration gradient conditions that 
may promote the growth of two different, convective mechanisms in salty water. 

Other examples include unwanted convection in kikes and solar ponds, rollover in 
liquid natural gas tanks, geology (crystallization and magma chamber processes), 
geophysics (mantle convection and vnleanism!. astrophysics (inside stars'at least 4 
components may be involved in the process; angular momentum, heat, magnetic held, 
helium /-hydrogen composition!, metallurgy (morphology and crystallization!. 



0 *' 1 


Fig. 4, Qualitative graph showing the density gradients through a diffusion boundary for Various 
ACg/ AC j conditions. B; graph showing the average composition of a set of diffusion runs, the 
concentration daTerehces feeW'een hottem and top solutions, rad the fields si stable and uastebla 
boundaries. 1-eeisvectSexs at the borders of the houndasy {Sa^erftip ), 2 stable hoaadasy. M - 
com'ecfioo-st the center Of Site boundary (gapers i with no density mversltss ismdt the boundary doe 
to dtlfuslon S - density mveraisn arthe center of She boundary due to diAuston. 5 - isodeassnoiii m-.v. 


Free diffusion experiments can be performed in well-controlled conditions and have 
provided an accurate way of testing the fluid-dynamics theories concerned (ref, 4,13-14), 
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V ViTAGUANO 


The profile of density (pi gradient through the diffusion boundary is given by the sum of 
two gauss functions (ref. 15). Its shape depends on the dC* and dC 2 concentration 
differences of components 1 and 2 across the diffusion boundary, and on tire diffusion 
coefficients. Two different hinds of instabilities were observed in free diffusion 
boundaries: 

(a) A dynamic instability arising at the center of the boundary, even in the absence of 
density" inversions due to the dtfmsion process [Fig. 4 (3, 4)1, for: 

I2D i32 p/a#)a/3d s o 

In this case convection tends to destroy the boundary and the process is similar to the 
fingering in sea water (Fig, 3 A). 

(b) ~A static instability, namely a density inversion, at the borders of the boundary', as 
shown in Fig. 4(1), In this case convection at the borders of the boundary' promotes its 
apparent overstabihsation and the diffusion boundary beeps itself sharp and narrow 
much longer than expected horn the diffusion experiment (ref. 16).. This process is 
similar to the layering effect in sea water, shown in Ftg. 3 B, 
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Purpose, Baehtiixal is ewTetidv: administered i. v. as a slow anosam of a 
solution of the dreg ia an ethaaobsarfacianhx&Uati admixture. However, 
poor sotebiftettion and toxicity are associated with this drug therapy. 
Aiferstative drug delivery systems. including parenteral emalstatts,.aSd 
uniter, development ia recent years to reduce drag toxicity, improve 
eiTteatry slid sliwipSte pretnctlicotidu. 

Methods, i’acfitaxeiemtiisidas w ere prepared fey high'-sheBr htsttrogeii)' 
ssbrin. The psriick site of the etnalssoits tv*, measured by dynamic 
light scattering, thug eOtteOEUrativvr was sjtuatttticd hy Kbf.C arid m 
vitro drug release was monitefed by mPtnbtanc dialysis The physical 
stability of emulsions was imijiitored by pafftcJc swe Changes in bath 
the mean .droplet diameter and 99% cumulative distributism, Pachta.erf 
potency and changes in the concentration of -known degtsdanfs ware 
used ;is cheirncii! s'nbiiiiy indicators. Single dose acme nnuerty studies 
were conducted in .healthy mice and efficacy studies in Bid melanoma: 
uimor-beartag mice 

Results. OWhiM, a physically and cbenticaiiy siabie sub-micron oil- 
in-water (o/wt emulsion of pachtaxei, can be prepared at high drug 
ioading t8~Jt> tng/ml.) having a mean droplet diameter of <100 nm 
and w;, cuniitistive partkie aiee dfetfibusioc of <£00 nm /» vitro 
release studies demonstrated low and susssmed drug release hods in 
tbs presence and absence of human serum albumin. Based on stnple 
dose acute toxicity studies, <JW81d4 is well tolerated both in mice 
and rats with about a 5-itsid metem; in the mexunum-totereuai-dosc 
«MTD) ever the curtcnt marketed drug formulation Using site Bib 
mouse melanoma model, a significant improvement in drug efficacy 
was observed with QSVxliff over "teoi® 

Conclusions. QWSJ84. a stable sub-micron o/w ewuiskinof paelitsxel 
has been developed that cat; be Shct-sterilieed and administered »v. 
as a bolus dose. When compared to Tasoltts. this emulsion exhibited 
reduced toxicity ;uid unprovedefficacy riiosi likely due to the compost- 
firm and dependent phyaitwhcttrical ciwrattcfisdes of the smuision, 

KEY WORBfi; paebtaxef; euttiiSkims; filtcrisSdiixsSion; partible 
ssee: stability 

1ATROBBCI ION 

pariiftiiyol Is ah important chemotherapetitic agent wish a 
wide spettnnh of activi ty against solid motors primarily breast, 
■ovarian, eolnn arid rson-smsi! cell iimg eareiaorea» Ub The 
drupE exons its »nn tumor .ac.trvtry. by binding to itibuUn and 

xigbthying frisCrotu.btiSos add thus blocking poll sysito,"t> u2) 
Psicriiaxyl |y a nottii'ai product. present. m the feralc ofthst Pacific 


! SONUS Phtttmacenhdais, Bdihell, Wasiiingr>:«s 98021. 

- Tb w Sf. it coi - p n, , , . 1 v , e- ; , -c S . . 

sdhtxspitsirtat.csstit) 


Yew ires and like other natural, ptt*ducfs has limited aqueous 
soStibtlsty (3)-The;intgts<mly tjdmmtstssrridmiraveaousiy stncb 
it is-braliy inactive due iotnembrane transport arid liver tnetsibo- 
issni limitations (4), 

The oxfRsmerciaSiy avaibhSe pto-ditto, Taxed s fpadiiaxbl 
iripivtioa. BnstoJ'MyesY Squibb Onyft|t>syi is eurrenUy forma- 
lafed ia a vehicle coatasatag appmxitnatdy a |;i v/v ftsixtafs 
of polyoxycthyltficd caster oti (Creamphor EL) and cthandi, 
Cxeatophor Li... a orirtimilaly aSetl surfactant ibr Itpapiitlie cotn - 
pottads, has beeti assixiatcd witii btonchoRpasms. hypotenston, 
artti other tnawifestatastts ofhypsrsstasittvdy partiib.flariy follow, 
iag rapsti adrrimistrsiiion (S.6). Long, inllisittn times noon a 
iii- fold dilttiioi) of -he stbti.noi:Ch'B!aoph;i>r EL soliitinn had 
paitnedieatiori ate therefore required to reduce these adverse 
effects. Furthermore, this formulation is assotuated with a num¬ 
ber of issues such as stability with the possibility for drug 
precipitation upon dilution, tillering requirements and use of 
imn-plasiieiited containers and administnitioti sets (6), It is thus 
apparent that there, is a need for new formulations of psciitaxel 
that are effscaetoua and 'ess toxic than the commercial product 
and can alleviate drug admifiissrstftm issues. 

in recent years considerable emphasis has been given to 
•lie development of new fotniulatiotts of paeitiaxci that are 
suitable for intravenous adtmnisttatton to address the afbremcn- 
tio.ned dtug solubility and toxicity issues. These ttsdttde dis¬ 
persed systems such as emulsions (?-1 i >, liposomes (4,12.15), 
wised micelles ( 14). eyehsdexirins 115) ami mierosphwea-'('i 6). 
Water-soluble prodntgs such as polyoihykne glycol- and poiyg- 
iuianiate-paeiitaxoi with promising antitumor activity have also 
been de veloped (17.1$). 

An o* c. emulsion of padiraxe! using kiaeetin and ethyl 
oieate as the oil phase, lecithin and piutotiic F-6S as the surfac¬ 
tant has been Tepmted earlier by Tart el al. (7), Although high 
levels of paciitaxed have been solubilistetl in this emulsion (Hi- 
lb mg/itil.l. no aniitiimor activity was reported. This is due to 
slow precipitation of the drug upon dilution' with a dextrose 
solution and toxicity of triaeetio at eoneentretions required for 
delivering therapeutic doses ofpaciitaxel. wtfit a reported LD W 
of 1,2 tnL/kg {?). 

Oil-hi-water esnuisktus using ;itd)iou. er or soybean oil, 
lecithin anti choiesteml and incotporautig pad;t;>x.eS up to 5 
tng/mi.. have been reported by Kaufman e,r ah (H). The mean 
dropiei diameter of dtese emstisions was reported to remain 
belvveon 0,2 id 0,4 pith upon a six-week, siritsge at 40 ? Ci Art 
p/w emtilsion of padiiaxel and TasoS® were evaiiiaied ibr 
toxicity in rats upon dilution to 1 mg of pttebiaxel per mi.. 
foliowed by t.v. iniltston over 50 min. At 42 mg/kg (42 mi, : 
kg tsfibe diluted formulation) there were signs of severe toxicity 
Irt the anirnais treated with iaxofb vvitereas animats treated 
with the etriitisirm Showed low toxicity that wax nsamiested 
prmeutiv as s Kvh wen*h loss t^t. Wheti the crml on and 
the Taxed® foraittlatioti ware evaluated in vitm for efficacy 
against mouse tymphoc.ytie leukemia (I. i 210) or rat mammary 
adenocarcinoma. (N.MU) cell lines, similar antituthnr activity 
was observed (8). 

Lpndberg {9) reporte>d op the preparation and evsluatipn 
■of complex siibtnferoa pnciisaxel.emulsions Incorpm'aiing irt- 
giyeerides, pirospholtpitis, polysorbate hi) and pegyiated phos- 
ph.i.ihpids to prolong: the eirailation of the eniuiston ptirfielos 
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}ti she blood. These 1 emulsions, trioSeia:dipslmkoe!pi!esphait-' 
dyrlchohae: poh sorbate 80: PEO-phosphaSidybehaaoiamiae. 
paclitaxel (lll;0,4;ffiUQ;@3, mass ratio) with a niean droplet 
diameter of about 40 ait; (9) showed good physical and chemical 
stability at Iqw temperature and/or as a lyophiiized powder, 
kadi tax sb loaded emulsions demonstrated good antitumor 
activity («> vtftw) when eorejxteed to Taxohte No- in mi- studies 
were repotted. 

Recently, some -prototype aV emiylxitms rising. benzyl hear 
zests anti, tn'butyria as the oil phase Tween do and Arfaeel 20 
as surtsetants and incorporating up to 5 me mL paclftaxsd have 
been repci.ried by SimsHiotti et at (10), AKhotigh these emul¬ 
sions were found to be stable upon dilution with a variety of 
i,v, fidids with no evidence of local rrritetiore s-udies on vehicle 
■toxic tty and drop effii.wv have nor been, reported. 

Tbe ofyeeitve of this study uas So develop an InjeetaWa 
etmtisfon formulation of padita.vei rising vhstm.n B. ns the oil 
phase and having, the following characteristics: a) incorporate 
high levels of paclitaxel tS•• HI mg ml.) and is physically aad 
chemically stable: b) has mean droplet diameter ami 99% cumu¬ 
lative di.xajbos.imx of less than 0,2 pits and thus can be fslter- 
ateri Sized,: and c) less toxic and at least as efficacious as she 
commercial formulation Taxol#. The use of vstafitm K as the 
oil phase us the present emulsions may have beneficial effects 
irt reducing drug toxicity since vitamin t has been repotted to 
be therapeutic, of mucositis (1 0), one of the principal side effects 
ofTstxolte therapy. Vitamin E is widely reported to reduce the 
generalised toxicity of other cytotoxics (20?. 

MATERIALS AMD METHODS 
Materials. 

Vitamin E (DL-w-iocopherol) USlbTCC grade was pur¬ 
chased bom Roche (Beividere. N.I). Eastman's vitamin E-1PGS 
(o>So«ipbetyip<«yetbyicseghy:(ii-l 000 succinate) was supplied 
by B&P Nutritional Ingredients, inc. (Carlsbad, CA), Polyeth¬ 
ylene glycol 400 N F. (PEG 400} and Poloxamer 407 (Phttxaiie 
F-127) were purchased from Spectrum Quality Products. Inc. 
(Gardena. CA? and BASF Corporation (Mount Oliva, NJ). 
respectively. Paclitaxes (>99% purity) was supplied fey Hauser 
Laboratories (Boulder, CO) and Bands lech. Development Co. 
(Houston, TXj-and stored desiccated, TaxoF®, S mL vial at 6mg/ 
mU Wiiii piidthaxed from a pharmacy arid stored refrigerated. 

('article Size 

Mean droplet, diameter and particle size distribution were 
determined with a. Nteornp 370 Submicron Particle Sizer using 
a 5 mW laser beam at 032.8 hm (Ptuiiele Sizing Systems, Santa 
Barbara. G4). Polystyrene bead standards were used to verify 
the calibration of the isistrument. Data was analyzed in terms 
of miens ex . voterne mid number disffibuttrHis and reported here 
as volume weighted distribution 

Emulsion Preparation 

A pro-emulsion was first prepared by adding she oil phase 
(s-teeophatvl) its PEG dOU.ccntuuKfig the surfactants < tPtiS 
Slid Pok-xanter 40'"} wit!) or'Without p.aJrtaxel to degassed 
•water with vigorous mixing at 4S"C folltswed by: hostogemza-' 
bon its the AveStin Broufeiflex G-7 (20 AX* mL batches) or 


CnjistaMoides <’( «/. 

Emulsifies C-SO (O S -3,0 L batches ? htgh-ptassure homogeniz- 
m (Ottawa, Canada), Following hoifsogenizstron, tbs finished 
product was term i redly sterilized by filtration thiough a 0,2 
pro Ppsidyne filter (Pali Corp„ East Hills, NY), The resulting 
emulsions combined (%. w/w): a-tooopherol, TPGS (i-10%), 
Poloxamer 40? (1.-5%), PEG 400 (L"if>%), paeliiaxd (0,5~ 
1,0%) and. water for injection sbO-90%). 

Physical ansi Chemical Si ability 

Tfsiulsioits were analy zed for pathroxei content by high 
perfonbanee: liquid chromatography (21} on a Pheriosphsre CN 
vofumniymies’fflis, ISO /. 4.4mm). The mobile phase consisted 
of a meihanolAvatef linear gradient beginning With 40:60 mix¬ 
ture (vie) jst a Sow rate of 1.0 mL/min and reaching 100% 
methanol after 15 minutes. A U V detector m 22? nip was used 
to detect .and quantitate pucHtaxei. A single peak was detested 
which bad a. retention time and mass spectrogram consistent 
wish reference piiclitaxel obtained from 'Hauser 'laboratories 
(Boulder, COi 

Emulsions were stored at 4*0 or 25 :: C and. samples; were 
removed af predetermined time points and tsssnyed for physical 
and chemical stability:. The mean droplet diameter and 90% 
ttitiisilaiice dssiribufioa of the pari ides were used as indigaSpis 
of physical stability, Rachiaxel potency tsad the ehsiigeln con¬ 
centration -it the known degradants were monitored for chemi¬ 
cal stability The following degradams were monitored during 
tire stability propam: 7-epi-paciitaxcl, Hi-tteaceiyl-paclitaxd 
and buccal in lit 

Drug Release 

In viim release of paclilaxel from different formulations 
irt the presence aad absence of human serum albumin teas 
monitored by membrane dialysis at 37%' (22) using phosphate- 
buffered saline as a sink solution at pH 7.0, Tire concentration 
of paebiaxe! in laxol# and QVVX184, injectable paeiisaxe! 
emulsion, was 6.0 and R,S ing/mL, respectively, atrd the drug 
to albumin molar ratio was 1OO0 so 1, The sample volume in 
the dialysis hag (cassette) was 1 ml. and site sink volume 
500 mL. Assuming 100% drug release, the concentration of 
pae'tiraxei in she sink, solution will be <20 ng/mL which ts 
within the reported aqueous paciitaxei sokfbilRy range of 1 -40 
fig/tnl, fil). Pierce Slide-A-LyzeCS dialysis cassettes with a 
MWemoiYof iOK, and thus freely pemieable to paelitaxd (MW 
~ bS5 % were used and tefoperafure control was me inta inert Witls 
jacketed beakers via circulating bath Cotycsntnwions of foe 
drug la pre-rpost-diatysis samples and aliquots at vnnsius time 
intervals were- derennined and dntg release profiles (% drug 
released vs tiree) were generated. 

Single Dose Acute Toxicity 

The maximum tolerated dose (Mi l); Of psClitaxcl crnul- 
slmrs tests determined ih ihiee dbilowing tr tell vel:tt : InseClRsii 
using 3 ~6 goimais per griitqr. Eu-ulstmis were administered s.v 
at bolus doses rerttgrtig from 20-00 rngrkg or 2—1.9 mitekg of 
vehieic. laxol# was first dlhtred with satihe and then adminis- 
lered as 1-2 minute i.v ttifnsiort at doses ranging: troni 5-25 
mg/kg. A saline conlrol group was also included. The determi¬ 
nation of the MTD was based on body weight loss OSS'Kis 
and njori&hty, i.e. number of deaths per group (23,24.t. 




•A FiUer'htiriihmbte Eniiiissba of BadstaxeS 
Efficacy: 816 MehiBoitts 

Female B6D2F mice (S mice per group) seem znlfouttoe- 
ousiy (it) implanted with lO 7 Bib imdsaoraa tumor ccily 
(35,24). Four. - days after implantation. mice were randomly 
sorted into treatment groups and weio administered t.v with 
sabre;, Taxel#, orQWSiFft emuNoa with aadwatfttmttneotiso* 
rated psciitaxe! cm a sbhedtde of either -tj'M x S or q4d x 5, 
that Is, once ever/ three or fete' days, respectively,; for a total 
of 5 doses. QW8 IM was administered as e. b&ifts injestibtt and 
I iv\ * v. it Htu&’d owr I rrornites ndtov, me ,0 ft.Id dilution 
with saline. The administered volume of saline and drug-free 
emulsion (vehicle) were ? and 7 or 4 ml leg, respectively. For 
specific dosages and schedules see the Figs 4 and 5 legends. 
Antitumor activity was assessed according to the guidelines 
established fey the National Cancer Institute (24). 

RESULTS AH& DlSCUSSlOhi 
Ttevdopsinmt of TjftefdSteFtHfcnble Emulsions 

The formulation development strategy of using o-ioeoph- 
crol -as the oil phase and TPGS as she primary surfactant was 
followed to develop a stable and etfteaejon.s ctntdsion of pads - 
taxed at high drug loading that can be flilcx-sterili/cd. Ensuring 
product silfcriiily of parentemi emulsions is crucial and terminal 
heat stetsliyutien has been generally nsed for this paspose. Alter¬ 
natively, ccttait) cotulsioas can be lyophilixed atid fecoosiituted 
prior in administration without loss of viability and drug potency 
(25). If. however, the-components of a particular drug-emulsion 
are heat labile, filter sterilization of the product may be a viable 
option, provided that she emulsion droplets pass through 0.2 
micron pore. However, filter sterilization of emulsions is quite 
challenging and use of this non-invasiv? method of sterilization 
has been limited (26) 

Several prototype formulations were developed which, 
upon further-optimization, yielded the lead development candi¬ 
date QW&184. Formulation optimization was based on the use 
of an alternate eo-surfitetant or co-solvent, ami the resulting 
emulsions were evaluated for acute and cumulative toxicity, 
fsinmibiiuy. drug loading, and where appropriate, stability and 
efficacy. Several of the prototype formulations wests found to 
be stable and efficacious; however, only data with the most 
advanced formttlation tested to date. QWS1S4, is presented. 

Physical apd Chemical Stability 

Physical stability of an emulsion is ppe (of she most 
important desired product characteristic;;, Emulsions are hetero¬ 
geneous systems and thermodynamically unstable ami there¬ 
fore. have a Njgtjrficaut tendency to lose physical stability on 
storage She coctctu of Ms prO-ces- is dependent on the e.hnra<Xer- 
rstics of each "fomsulaaon and storage conditions. Souse of the 
factors that sheet the physical stability of emulsions include 
file type and lev vis of surfactant!*) used ft* saabihee the droplets, 
the phase volume ratio, droplet size, compatibility of drug ami 
excipients with the emulsion, and storage conditions of the 
emulsion (25,27). in genetal, the smaller the parade size of 
the emulsion. the better its physical stability (25.27). The assess¬ 
ment of the physical Stability of emulsions and of dispersed 
systems in general, in addition to being extremely useful during; 
formulation development and optimization, also allows setting 
up of product specifications and expiration dates. 


Theafotietneadoned laetmis were eonsi idered dartng formu¬ 
lation development and optimization of the pachiaxeS emulsion 
in order to develop a stable tesd hlscr-sierilizable emulsion. The 
mean droplet diameter and 99% cumulative distribution of a 
typsool stability lot of QW81S4, lot A, are shown in Fig, 
There were So sigmfieshf ohaSges in particle size either at 
f'C or 2542 over .rotelve months; The -actual vdlhjSs-weighied 
partible size distribution of QWS184 hfedtpdfafihg 9 stgfntL 
of pac lit axel is shown is the insert with a mean drop lei diameter 
•of 62 am. No precipitatsos or diher gross changes were observed 
during storage. Basendally the same particle size was obtained 
with a small (58 ml.) And a large (3 i) batch of QW8184, 
When the two batches were compared alter one month storage 
at 447. the mean droplel/99% cumulative distribution were 
67/150 nm and 647149 ran for she small and large batches, 
respectively An independently manufactured lot of QWblb4. 
to 8. produced the following physical stability data in terms 
of the mean droplet diameter and 99% cumulative distribution 
(mean :i SI). « -• ?>}•: 63 A 2.1 am (initial), 62.9 ;;; 3.5 nm 
(442, 9 months), 59.1 0.7 nm (2547. 9 months) and 147 :;. 

S .9 run (initial), 146.1 i 2 8 nm (447, 9 months), 144.8 5 3 

nm (25 %'. 9 month;,!, resp-eotively. 

The chemical stability of the t wo independently manufac¬ 
tured lots of QW8! 84, A and B, in terms of paclitaxel potency 
and levels of known degradants at 447 and 25'C atid at time 
zero, nine and twelve months is shown in fable 1, Intermediate 
stability data was very similar to that shown in Table I. for 
clarity however. Is no; shown There is no major change in the 
concentration of the active ingredient, at least during a ! 2-month 
storage at either temperature. No significant changes in the 
levels of any of the degradants were observed under these 
storage conditions. Long-term stability is ongoing. 

in i itm Drug Release 

One of the desired characteristics of a drug delivery vehicle 
is to provide sWlftirted release ofths ibc.orpdrslcd drug,a charac¬ 
teristic quite often correlated with improved pharmacokinetics 
and efficacy (28,29) In parifculap.iphg-hlrealating; ernhiridhs- 



Fig. t. Mean droplet diameter,!{.)), ftas , anti 99% cii.tnutaiive dimribn- 
•ion, of t)\Vg. 84 as s (unction of storage time and temperature. 
This particular lot ofQ\VSi84 fiot At tncorporaterl 9 0 mg/t«T. paeti- 
taxsl and was stored a; 447 or 2547 The actual voltane-weighted 
pao.tcie .size dferriburiot! of Q'vVs! 84 is shown in (he insert witir a mean 
droplet diameter of 62 nm 
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Table 7, QWS184 Chetmesi Stability: .Paeliiaxel Potency anti Degnkl&nts 


Swage brae,, months 
;1 os. temp..) 

Paehtakel potency, mg/mi.. 
(room A SDf 


Degrad&uts (54, Paean.: A 

SOf 

'-I'pj-paeliiaxef 

B:(eC;:tin-3 

1.0-Dwicetvl-pSdibixeI 

0.0 (A, 4 i tT) 

8,4 ± 0.6 

0.6 i ± 0 29 

0.1.6 A 6 01. 

(US A 0.03 

9,2 (A, 4 “C) 

y t feJ 

0.36 i « 

0.5.7 A 6,30 

£ '$M 

•2.2 (A, 4 "b) 

± 0.3 

0.30 A 004 

0i21 A 0 04 

'0:20 0 M 

9,2 (A, 25 C) 

9,0 A 0.7 

0.40 ± 0 02 

0.1.8 A 0 0! 

iim $ 0M 

12.2 (A, 25 -Q 

O i 0;8 

0.35 A 0.07 

0,2.1. A 0.04 

0.21 A. 0 04 

0 0 (8, 4 t:> 

9.1 ;. 0.0 

0.30 A 0.07 

0.0? A 0 0! 

.0)1.1 A. 0 01. 

9.2. {B. 4 T) 

9.4. ± 0.0 

0.43 A 0.03 

0.08 A 0.0! 

0.1.3 A. 0 62 

9,2 (8. 25 "C) 

9,2 ± 0T 

0 41 A 0,64 

0,08 A 0.0.1 

0.1.3 A. 0 01 


s ft — ! 0 (lot A); ts ~ 3 (tot Is). 


of pat; litas el ears imprew the delivery of the thug to cancer 
sites isi the body. Use reiidtse kinetics of paclitaxel fess» 
QWB184, -both hi the Hhsehtp ami presence of human scrims 
itlbttmjo i HSAi at a dreg to aibaraia molar ratio of H;00:T and 
from the commercial formulation Taxol# are shown in Fig. 2. 
The concentration of paclitaxel in Taxol# one! Q'W8i84 was 
6.0 ana 8.8 ntg/tnL, respectively; The release of paciiiaxel iron) 
the emulsion was slow both its the absence and presence of 
serum albumin with less than 5% drug being released over 24 
bouts, whereas about 12% was released from the commercial 
fovmulation. 

Acute Slagle Dose Toxicity 

Single dose toxicity studies of paclitaxel emulsions in 
healthy mice were carried out and representative data with 
QW8I84 is shown in Fig. 3. The paclitaxel emulsion was well 
tolerated and the maximum tolerated dose (MTO) was deter¬ 
mined to be approximately 70 mg/kg for QW81 84 as compared 
to approximately 20 mg/kg for Taxed# The marketed drug 
product Taxol# is primarily supplied in 5 mL vials at a drug 



fig. % Percent pisciitas.ei released as * (unction of time s? !?T:. Drug 
release from the fipu! emulsion, QtVS 184, in the presence and absence 
cl SIS A {human serum albumin) and the commercial tonraifaticn Tax- 
o. : A was monitored by ttseiubrstne dialysis as described iv> Methods 
using PBS (phosphate-biiilbred saline) as a sink solution at pH 7 0. 
'File drug- tty albumin .molar ratio was SOOO.t. 


concentration of 6 mg/ml, and prior to administration it requires 
dilution with commonly used i.v. fluids to a final concentration 
of 03 to 1..2 mg/nsl that corresponds so a 20-fold and 5-fold 
dilution. respectively. When Taxol# was administered i.v. at 
24 mg/kg, either as a boius dose or 2 min infusion, after a 10- 
tbid dilahon with saline, severe prostration and catatonia tvefe 
observed. Whea Taxol# wasfirst diluted -l':4 with sisiine. aiut 
then administered I v. at 24 mg/kg as a 2 or 5 min infusion, 
100% mortality was observer! as compared to 50% mortality 
when the drug was administered as i.v. bolus. Weight loss was 
less than 15%.- even in the group receiving the highest dose of 
QWill84 attd the animals recovered or gamed weight over a 
period of 10 days post injection. Vehicle toxicity was also 
evaluated. Animals receiving drug-free emulsion at 7 or 8 ml/ 
kg (the equivalent paclitaxel dose of 63-72 mg/kg at drug: 
loading of 9.0 mg-'niL) grew rapidly and gained slightly more 
weight Shan animals receiving saline. This may be attributed 
to the vitamin and calorie content of the fotmulation. The 
clinical dose of paclitaxel is 175 erg /nr GOO mg total per 
person) or 4,3 mg/kg for a 70 kg average human body weight 
(1,23). The equivalent dose/vokhne of QW8I84 is about 0.5 
m.L/kg at a drug loading of 9,0 reg/mL -which is about an order 
of .magnitude below the dose where the emulsion vehicle may 
show signs of toxtohy. The high drug loading in QWS184 



Saximom Toiersfed Dose (tng&gj 
Fig. 3. .Maximum tolerated .dose ofpaebtaxe! hr msee. The determine- 
non oi'fc MTD was based on.btGy weight Ut& (>15u a cottsafcivd 
toxic) and moRshty {hutfcber of deaths pet group of 4 animals). 

















without prior dilution enables one to administer msteh lower 
volumes, there fore reducing or potent tally eirfnraaiihg issaes 
of vehicle toxicity. 

Efficacy Against BIS Melanoma 

Bib Melanoma is a tasi growing solid murine tumor shat 
has bee n Commonly used its easily screening of different anticau- 
cat agents (23,241. Figures 4, A and B present tumor growth 
regression and percent survival. respectively, for the dosing 
regimen Of q33 X .5, Q1W81 §4 was evahiateii sir different doses 
and compared to the reference TaxOi# formulation at its MTD 
(20 rrtgfkgl. The corresponding data for shedosing. schedule of 
q4d X 5 are shown in FtgsireS, A -a»d : B, respectively. QW.BI84 
illustrated a definitive dose response in both schedules. The 
q3d x 5 schedule, however, seems to be more effective. Admin¬ 
istration of QVV8 184 at dosages of 20 mg/kg (63 mg-Orff) and 
40 mg/kg (125 mgror) on a schedule oTsj.ld x 5 resulted in 
mean increases m survival times of 65% and 94%, respectively, 
as compared to con-rid group (Table 2 t 

Log-cell kill values of U atsd 3.0 ware observed with 

i 84 -at dosages of-20 add 40 mgf%, respectively (Table 
2). as compared to a valve ofO.S obtained with Tasbl# as 2b 
ffi,g(kg (gild x .f i, in addition, there seas a significant reduction 
in tumot growth in those animals as depicted in Fig, 4A. A 
significant reduction in tumor growth was also observed in 
animals administered QW8184 on a' schedule of q4d X 5 as 
illustrated in Fig. SA. A dosage of 60 mg/kg with QW8TB4 
was toxic in the q3d X 5 regimen w ith only 1 survivor at the 
end of the .dosing schedule (fig, 4B), la the q4d x 5 dosing 
schedule, 70 mgdtg of QWS i 84 was toxic w ith only 2 survivors 
at she end of the dosing schedule (Fig SB). Statistical analysis 
tVtestt of the survival time between groups was performed. 
The results indicate that Tasol® was not statistically different 
from the saline control a: the q3d x 5 (p •-••• 0.25) or q4d > 5 (p 
0 09) schedule,'QWHth4 resulted in a statistically significant 
increase in survival time in the q3d x 5 groups at dosages of 
20 mg/kg (p ••••' 0.005) and 40 mgfkg tp < 0.005) as compared 




Tima (stays) 

Tig. 4. A) B16 melanoma mean lam-v regt cation to QWE154 asd 
Tvo-iX as :» natest-m of ..rinse on a qfd >. 5 sshetfuk Fmw fears 
represent SKMtn - St. B) Percent Bid .nx'lssoora smy i viti in rss;xi«se 
a* f>tv.8l§4 ana IsxeTa o» » tars-ms® Of tttnem a qbf v. 5 dtadtds. 


Table T. Antitumor Activity -»f Q5¥gl84- vs Taxot-* ra dm {tif> :h:feiat>oma Model 

































mt 


< <ins4aii'i«hks <?<• 


3SC0 




T- 


V 3000 4 

t ] 

« 2500-i 

£ | 

'I 2000 

* I 

8 1500-4 

I ,*4 

I I 

S 500 4 


Vebifeie 8 mUKg 

• Taxed® 20 mg/kg 

* QV98184 20 mg/kg 
- QVV3 • 84 50 mgtkg 

QWS 1 64 ?0 mg.'kg 






-4' 

# 




8 S 10 12 14 16 7§ 


20 


22 


Time (Days) 



Time, ways; 


Fig. A) 8! <5 melasiorsis mean tumor «rgms$K>ts to <>Wtt-W and 
TsixsjS® as > itirsetion of tisne on a p4;1 X .1 schrdnle. rr-rv ■; fears 
sejssseat Sfe’M (••< ••-• %y B) Pcicem B !6 melanoma survival t« response 
So (JWkJ24 arid Ta\c?'5 ; as a junction oi'tiuie on a ({44 X 5 schedule. 


to the saline control The .animals ttifeihliuefstsl QW81M at tj4d 
x 5 resulted m a statistically significant increase so survival 
thus tit dosages of 20 nigtkg (p o.OSi atsd 50 mg/kg (p < 
0.005} as compared to the saline control. 

Tabic 2 summarim the overall remits of the efficacy study 
fecluding mean sotvival time’s, median tumor ■weights and log 
cell kills lot each group and treatment sehedule. By all end 
points of efficacy ( 24), QW61H4 exhibited superior antitumor 
activity in mice at doses that- included or well exceeded the Mil) 
ofTaxol® feat which were well tolerated !» oar laboratory, the 
MTD lot Taxol# was approximately 2*1 mg/kg and it is sup- 
ported by other iitetaturc reports. Bissery et al: (.>(.'} reported 
(bat the highest dose of laxoitfetiiat could he adnunistcrcd to 
mice svitiiorit causing death or utidue toxicity was 21.? mg/kg/ 
hpactiets, Furthermore, recent reports oo the Mil? ofTaxol# 
npdaftv. adnnaistfauon in mice radicate that it is 20 tng/k.g on 
a q;-:i x 3 (.):.) or 25 eng-'kg on a old X 5 (32). Frorn. Table 
2, ri i;< evident felli Taxoi# did result nt a slight redaction in 
toraor :giowtb at froth the 15 and 20 days post tumor implant 
ascompared to-tits eearrb'is. It sMutidako be ratted Stiai Taxol® 
MS been shown -to be isiniroally effective in the B16 rrlelatmma 
tumor mode; (23). In addition, drag related mortality is evident 
at day 20 m the laxot# group tfeos providing- further -evidence 
■hat doses higher thhn 20 mg/kg Could ntsi have been tdltStat-ed. 


Thsrefsra, the observed ’minimal therapenue effect ftom Tax- 
ol€ ; in she 816 melanoma modal is not believed to be due lit 
stilt- op! iitui I dieting. 

The effects observed in the preset study have not been 
reported widi previous iojectoblc emulsion,- of pachtaxet«’ ••• 
Iff); The improvedefficacy qf QWS184 may fee related to its 
preferential uptake by tumor cells asa result of its physicochem¬ 
ical characteristics, particularly lipid composition and -particle 
site. The tit vitro drug release data suggest that emulsion drop- 
lets may serve as king-drciiiathig thug reservoirs, tbps imprdv- 
(tig the delivery of paeliiajcsl to tumor sites,-, due to increased 
ediihkt: droplet batmetasis >34}, To penetme. tumors in tissue, 
particles .must be small enough, to pass through endothelial 
ieaosfrse. hit: < “o nm. That mechanism t» txmstsfeiit with 
hterstore reports ott long-circuinting emulsions and liposomes 
(29,34) where lipid c-omposition. particularly the indu.sion of 
pegy lated surfactants and small droplet size, direct lipophilic 
drugs away from RES its the liver and spleen to other targeting 
tissues:, such as inflammatory ttssnes 

in addition to the studies reported with drug emulsions, 
toxicity and antitumor activity was teported with othet hptd- 
based carriers of pact!Saxel such as Itposomes and mixed 
micelles. The most extensive work with liposomal formulations 
of pac-sitaxe! has been reported by Straubmget et id; (3.12,13). 
Titey developed over 3W) liposome formulations of various lipid 
compositions and evaluated them for stability and antitumor 
activity. Both 'in viWv and in viw activity using Colon-26, a 
I'axol-msii-iant murine tumor, were demonstrated (12). Pacli- 
taxei liposomes, however, were both unstaltle and toxic at high 
dnsg loading. 

Pndiinxei was solitbiliml in mixed micelles formed by a 
mixftire of bile salts and phospholipids followed by a spontane¬ 
ous transformation mto dtug-itxidad liposomes, thus avoiding 
dmg precipitation (14) These forreuktitons. incorporating less 
than 1.0mg ofpaeiitaxe!permL, produced stgttificam aatilumor 
activity in vitro and .->ppcnred to be less toxic than sheCremophor 
FI,, vehicle (14). it is anticipated however, that at. high drug 
loading these formulations, can he both unstable and toxic with 
limited clinical .use. 

Ftmdxloft and liposomal formulations of paciisaxel are 
mote biocompatihle and thus less toxic ar»d at lcast as ctficncmas 
ns the marketedTaxoi®. Ftrmlsions ha ve higher drug solubliixrt- 
tton capacity than liposomes and arc eastet to proem and 
mnnufaclute t.u a sterile font). The m)ee.tabfe paciitaxei emulsion 
QW8tb4 described hr the present studies exhibits these advan¬ 
tages. Due to the high paeSoaxcS toasting t.S- id tag/rnL), 
QWS164 caa be udmitsistered nilutcnlly undiluted {it high dtfee 
withbtii; chiig ihticiph atioR. As a resu lt of its small droplet size 
i <2110 -mi lor both the mean ihispiei and votriirLspve doartba.- 
lion), QWSI S4 can be :h&er-stenlixed, exhibits improved siselR 
Jifc, efficacy and targeting to -solid tumors. Furthermore. 
QW3IH4 cars result: in better quality of life, since it. can be 
admiriisteixxl to plionls as a bolus dose and h&s low tifxfeity. 
EmhlstOB Ihnutiiahcxir: Offer an appealsng alfernaiive for fee 
bolus sdmiaisn’auon of paellfeixol and other poorly soluble eirtigs 
due So tiscir effeciivcr>e;ss for sting Hfeshtilzafiau. stnptoved 
efficacy and patient quality of life arising from reduced side 
effects. A rod thsrftipeutic’gsia with s paftiooiax' new.ibfmultisioti 
of puchtssel, inciadihg QW31S4, can be .rsalixesf thrtssigh its 





A F8ter-Stt-d!i?.aMe Efi*«lsip» of PfsehtaSeS 

progress on iff the eknic, As nw and safer drttg dsHvery mesh-- 
<xls id pachfctxel emerge, it t* likely that the clinical use of the 
drug will expand, 

CONCLUSIONS 

Q WS1M, s stahle, mjestabie and filter steiifeahk; aw- 
emulsion of padiksxe! has been developed at high drug ksadastr 
(8 "10 fsg/ffiL) with a mean droplet diameter and 99% citiBatla- 
live particle size .distribution-of ■< 0.2 pun. Coinpared to die 
*» \4m drag release tram ‘Tekoidk dtxsg release frorsi QW8l§4 : : 
at $? C is siov, both in the presence atsd absence of toman 
.serum albumin with Seas than 5% drug bdttg released svttbln 
24 hours. In the B16 melanoma itstnor model in mice the dme 
etntilskm ass better teieniied and was more eftkacieas than 
Tsisbl is. The composition and dependent physicOe tontieal char¬ 
acteristics of the emulsion may he related to reduced toyicity 
raid improved efficacy. 
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